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ABSTRACT: 

PURPOSE: To arrange the constitution so that characteristic abnormality such 
as drop of withstand voltage of a device, etc., may not occur by providing an 
insulation film formed on the surface of a selected epitaxial layer by a rotary 
application method. 

CONSTITUTION: As is doped to a P type silicon substrate 1 so as to form an 

N 

type buried layer 2 and an oxide film 3 is grown at the surface. A window is 
opened inside the buried layer 2, and a phosphorous doped N type SEG 
(selective 
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epitaxial growth) area 4 is grown. And an oxide film 5 is grown on the SEG 
area 4. Next, an insulation film 8 is formed by a rotary application method. 
Since applied film is formed thick on a facet 7 at the corner part of the SEG 
area 4 this way and the entire surface of the SEG area 4 is planed, if boron is 
implanted by an ion implanting method, uniform base 6 is formed. Hereby, even 
if impurity is implanted by the ion implanting method, an impurity introduced 
layer is formed uniformly to the depth direction inside the selective epitaxial 
layer, therefore drop of withstand voltage does not occur. 
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SEMICONDUCTOR DEVICES 

CLAIM(S) 

A semiconductor device characterized in that an insulting film formed 
by a rotary coating method is installed on the surface of an epitaxial layer 
selectively formed in an opening section of the insulating film on the 
semiconductor device. 

DETAILED DESCRIPTION OF THE INVENTION 
(Field of Industrial Application) 

The present invention pertains to a semiconductor device, particularly 
to the semiconductor device having a selective epitaxial growth region. 
(Prior Art) 

As one of the semiconductor devices having a selective epitaxial 
growth (SEG) region, there is a bipolar transistor having a silicon SEG 
region. 



l 



Fig. 3 (a), (b) show a planar view of the prior art transistor with a 
base formed and a sectional view at the B - B' line. 

On the surface of P-type Si substrate 1 with its crystalline surface 
<100>, As is doped to form an N-type imbedded layer 2, and a silicon oxide 
film 3 is made to grow so that the oxide film thickness of imbedded layer 2 
becomes 1.0 urn. An opening is made in the inner side of the imbedded 
layer 2, and the N-type SEG layer 4 is made to grow by using the parameters 
at which Si is deposited inside this opening only. After an oxide film 5 is 
formed on the SEG region 4, boron is implanted by an ion implantation 
method, and a base layer 6 is formed by heat treatment. Then, an emitter and 
an Al electrode are formed by a conventional method (not shown in the 
figure). 

(Problems of the Prior Art to Be Addressed) 

With the bipolar device having the aforementioned SEG region, the 
edge of rectangular SEG region 4 is positioned to orient in the <100> 
direction, so a growth surface 7 different from <100> surface and called a 
facet is appears in the corners of SEG region 4. Therefore, as shown in Fig. 
3, when the base is formed, the base layer 6 underneath the facet 7 comes 
closer to the imbedded layer 2, lowering the breakdown voltage of collector 
in N-type SEG region 4 and that of P-type base layer 6, which is a problem. 
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(Means to Solve the Problems) 

With the semiconductor device of the present invention, an insulting 
film formed by a rotary coating method is formed on the surface of epitaxial 
layer selectively formed in the opening section of the insulating film on the 
semiconductor substrate. 
(Embodiment) 

An example of the embodiment of the present invention is explained 
with reference to the drawings. 

Fig. 1 shows a sectional view of the first embodiment example of the 
present invention. 

After forming an N-type imbedded layer 2 in the P-type silicon 
substrate 1 by doping As, an oxide film 3 is formed on the surface. An 
opening is made inside the imbedded layer 2, and phosphorous-doped re- 
type SEG region 4 with thickness 1 .5 um and resistivity 0.8 Qcm is made to 
grow. The selective epitaxial growth was conducted by the following 
parameters and by using a cylinder type reduced pressure epitaxial growth 
device. 

Growth temperature: 900°C 
SiH 2 Cl 2 flow rate: 300 SCCM 

HC1 flow rate: 500 SCCM 
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PH 3 flow rate: 25 SCCM (H 2 base 50 ppm) 

H 2 flow rate: 60 SLM 

Pressure at growth time: 40 Torr 

Then, on this SEG region 4, a 200 nm thick oxide film 5 is made to 
grow. Subsequently, by using the coating method, the insulating film 8 is 
formed. In this example, a silicon oxide film was used. The oxide film 8 
formed by a silicon coating method is produced by rotary-coating a silicon 
compound [RnSi (OH) 4 -n} dissolved in an organic solvent on the surface, 
putting through heat-treatment, dissipating the organic solvent from the 
film, and by baking along with a thin film. The film thickness can be 
controlled by the number of rotations at a time of coating and concentration 
of silicon compound. 

Accordingly, on the corner sections of SEG region 4, the thick coated 
film is formed and the entire surface of SEG region 4 becomes uniformly 
planar; therefore, a uniform base 6 is formed when boron is implanted by an 
ion-implantation method. 

Fig. 2 (a), (b) show a planar view and a sectional view of the second 
embodiment example. 

The second embodiment example is an example wherein the N- 
channel type MOS transistor is built in. In the P-type Si substrate 1 with 

4 



boron concentration 1 x 10 19 cm' 3 , the silicon oxide film 3 with thickness 
1 .0 um is installed, and after the selective etching is done to make an 
opening, the SEG region 4 is formed in the opening. A gate oxide film 12 
with thickness 20 nra is installed on the SEG region 4 and on this surface, is 
formed a gate electrode 13 out of polycrystalline silicon. Subsequently, As 
is implanted by an ion implantation method for forming the source and drain 
regions 14. At this point, however, As is implanted deep in the region of 
facets 7 coming closer to the P-type Si substrate 1 , so the breakdown 
voltage is dropped between the source/drain regions and substrate 1 . 
Therefore, after the gate oxide film 12 is formed, the oxide film 8 is formed 
by using the same coating method as in the first embodiment example 1 to 
make the entire SEG layer 4 planar. By this, even if the source and drain 
regions 14 are formed by ion implantation of As, the As does not seep deep 
into the region of facet 7, so the breakdown voltage is not dropped. 
(Advantage) 

As explained above, in the present invention, since an insulating film 
is formed by a rotary coating method on the selective epitaxial layer surface, 
the entire surface of selective epitaxial layer becomes planar, so an impurity 
introducing layer is uniformly formed in the depth direction of the selective 
epitaxial layer when impurities are implanted by an ion implantation 
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method, by which abnormality in characteristics, such as drop of breakdown 
voltage in the device, does not happen. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a sectional view of the first embodiment example of the 
present invention. Fig. 2 (a), (b) show a planar view and sectional view at A 
- A 5 line of the second embodiment example of the present invention, 
respectively. Fig. 3 (a), (b) show a planar view of semiconductor chip in 
which is formed the base of the prior art transistor and a sectional view at 
the B-B' line, respectively. 

1. P-type Si substrate 

2. imbedded layer 

3. oxide layer 

4. SEG film 

5. oxide film 

6. base layer 

7. facet 

8. oxide film 

12. gate oxide film 

13. gate electrode 

14. source and drain regions 
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